Introduction: The purpose of this study was to evaluate the alveolar bone dimensions and arch perimeter discrepancy in unilateral palatally impacted canines. Methods: This retrospective split-mouth study reviewed 207 cone-beam computed tomography (CBCT) scans of patients with unilateral or bilateral impacted canines referred for orthodontic treatment. Out of 207 CBCT scans, only 39 scans in which canines were unilaterally palatally impacted were approved for the study based on our inclusion and exclusion criteria. Two fiducial lines were used to orient the examiners and standardize the measurements. Arch perimeter, buccopalatal (BP) width, and alveolar height were measured both on the impacted and nonimpacted side. Two different examiners measured all the parameters. A one-sample KolmogorovSmirnov test was used to examine normality of distribution of outcomes. Wilcoxon Signed Rank tests were used for comparing arch width and alveolar bone height between the impacted and non-impacted sides. For arch perimeter, the paired-sample t-test was used. Results: The arch perimeter, BP width, and alveolar bone height was significantly decreased on the impacted side (P < 0.05). The mean arch perimeter on the impacted side was 41.7 ± 2.5 mm compared to 43.5 ± 2.37 on the non-impacted side. Similarly, BP width and alveolar bone height on the impacted side was 6.87 ± 1.08 mm and 18.12 ± 2.28 mm, respectively, whereas on the nonimpacted side was 8.70 ± 1.13 mm and 19.49 ± 2.09 mm, respectively. Conclusion: There was a significant decrease in the arch perimeter and alveolar bone dimensions (BP width and alveolar bone height) on the impacted side.
Introduction
Maxillary canines are the second most frequently impacted teeth and occur twice as frequently in females when compared to males (1) (2) (3) . The prevalence of palatally impacted canine is two to three times higher than the buccally displaced canine (2, 4) . Maxillary canine impactions both palatal and buccal diverge from the normal eruptive site. Palatal canine impactions are related to excessive space in the dental arch, whereas buccal canine impactions have insufficient space to erupt in the dental arch (5) . McConnell et al. related palatal canine impaction to deficient anterior maxillary width (6) . However, Langberg and Peck found no significant difference between the maxillary anterior and posterior width in the palatally displaced canine and control subjects (7) .
Tooth eruption is the axial movement of a tooth from its nonfunctional position in alveolar bone to a functional occlusion. Eruption is a physiologic process that influences the normal development of alveolar bone, whereas impaction (impacted tooth) may hinder the regional development of alveolar bone (8, 9) . Research studies lack the characterization of alveolar bone dimensions and mechanical environment at the impacted site; while it may be hypothesized that impaction may lead to reduce masticatory stimulation of the bone. With the advent of cone-beam computed tomography (CBCT), more specifically, by rendering three-dimensional (3D) views of teeth and bone at high resolution, detailed characteristic of alveolar bone dimensions can be obtained at the impacted side (10, 11) .
Forced orthodontic eruption of teeth results in adequate development of alveolar bone height (12) . Other treatment modalities (guided bone regeneration) to augment alveolar bone height have been less predictable (13, 14) . The main focus of this research was to delineate the effect of palatally impacted canine on the alveolar bone height and alveolar bone width. The authors believe that by measuring the alveolar bone height (nasal floor to alveolar bone), we may be able to predict the impactions (especially in the unilateral palatally impacted canines and comparing them with contralateral erupted canines). Therefore, the aim of this study was to investigate the dimensions of alveolar bone in the horizontal [buccopalatal (BP) width] and vertical directions (nasal floor to alveolar crest) and the arch perimeter on the impacted and non-impacted side. We hypothesize that there is no difference in BP width, nasal floor to alveolar crest height (NFAB), and arch perimeter between impacted and nonimpacted side. Within the authors' knowledge, this is the first study to evaluate the alveolar bone dimensions and arch perimeter on the impacted and non-impacted side within the same patient (splitmouth design study).
Materials and methods
An institutional review board exemption was obtained for evaluating a de-identified data set with no identifiable HIPPA markers of CBCT volumes archived in the Department of Oral and Maxillofacial Radiology. This retrospective split-mouth study reviewed 207 CBCT scans of patients with unilateral or bilateral impacted canines referred for orthodontic treatment. All the scans were obtained from a single imaging centre in California. The impaction was then characterized as unerupted or impacted. We defined an unerupted canine as impacted when its root development was complete or the contralateral canine was completely erupted. Complete eruption was identified as the tooth being in its expected position and in occlusion as seen on radiograph. Out of 207 CBCT scans, only 39 scans were approved for this study based on our stringent inclusion and exclusion criteria. In the present study, there were 23 females and 16 male patients and the patients' age ranged between 12 year 9 months to and 29 years 1 month (mean age: 17.07 years). The inclusion criteria were: 1. CBCT scans with a unilateral maxillary palatal canine impaction without a retained deciduous canine on the side of impaction, 2. complete eruption of the contralateral canine, and 3. no prior orthodontic treatment. The exclusion criteria were 1. cases with congenitally missing teeth, 2. CBCT scans showing supernumerary teeth, enlarged/cystic follicle, or any other pathology, 3. CBCT scans or anatomodel showing mesial migration of first premolar or distal migration of lateral incisor in impacted canine position, and 4. no systemic disease affecting bone of the patients. The volumes were loaded into Invivo5 (Ver. 5.3) (Anatomage Inc., California, USA) software and two examiners reviewed all the scans independently. The investigators reviewed the images on a split screen dual display monitor (HP Compaq LA2205wg) under standardized conditions of ambient light and sound. The investigators had the full capability to evaluate the volumes and manipulate contrast and histogram. The images were reconstructed with isotropic voxel resolution in the three orthogonal planes, which were displayed in the multiplanar reformation (MPR) mode. The MPR mode depicted contiguous slices of the areas of interest in all the three planes. The first step was to create a panoramic reconstruction from the scan. Two fiducial lines were used to orient the examiners and standardize the measurements. The first line (Reference 1) was the tangent to the alveolar crest in the panoramic reconstruction from the CBCT volume. The second line (Reference 2) was the line perpendicular to Reference 1 for localization of the long axis of the canine as well as representing the longitudinal axis of an ideal location of an imaginary endosseous dental implant in the site of the impacted canine (Figure 1 ). The alveolar height was measured from the level of the crest (Reference 1) to the floor of the nasal fossa (NFAB). The height on the impacted side was measured along the longitudinal axis of an imaginary endosseous implant and height on the non-impacted side was measured along the longitudinal axis of the canine ( Figure 2 ). The BP width of the alveolar ridge was measured in the sagittal sections at 2, 6, and 10 mm apically to the alveolar crest. On the impacted side, the BP width was measured at the centre of the edentulous space and on the non-impacted side; the BP width was measured at the centre of the canine ( Figure 3A and 3B). Arch perimeter was measured from the distal of the first molar to the inter-maxillary suture on the impacted and non-impacted sides. Measurements were made using the arch measurement tool along the centre of the ridge ( Figure 4 ). Two different examiners measured all the parameters and after a 2-week interval both the examiners repeated all measurements.
Statistical approach
Simple descriptive statistics were used to summarize the data. Mean, standard deviation, and percentile distributions were computed for alveolar bone height, arch width, and arch perimeter of both impacted and non-impacted sides. For all the outcomes, inter-examiner reliability was computed by Cronbach alpha values (intra-class correlation coefficients). A one-sample Kolmogorov-Smirnov test was used to examine normality of distribution of arch perimeter, BP arch width, and alveolar bone height (NFAB). Two measurements (arch width of non-impacted side and height of non-impacted side) were not distributed normally. Considering that these two variables were not distributed normally, Wilcoxon Signed Rank tests were used to compare the arch width and alveolar bone height between the impacted and nonimpacted sides. For arch length, the paired-sample t-test was used. All statistical tests were two sided and a P value of <0.05 was deemed to be statistically significant. Statistical analyses were computed using Statistical Package for the Social Sciences 22.0 Version software (IBM Corp., North Carolina, USA).
Results
A total of 39 patients were included in the study. This included 23 female and 16 male subjects. Distribution of outcome measures [alveolar bone height (NFAB), arch width and, arch perimeter] of impacted and non-impacted sides are summarized in Table 1 .
Results from the reliability analysis examining inter-examiner reliability are summarized in Table 2 . In summary, alveolar bone height outcomes (both impacted and non-impacted sides) had a very high inter-examiner reliability. Arch length (both impacted and non-impacted sides) and arch width (both impacted and nonimpacted sides) had moderate inter-examiner reliability. The distributions of outcomes by gender are presented in Table 3 . Overall, there was no statistically significant difference in distribution of outcomes by gender.
Summary of P values from the tests examining the differences in outcomes between the impacted and non-impacted sides are presented in Table 4 . There was a statistically significant difference (P = 0.001) between the alveolar bone height of the impacted side [mean is 18.12 ± 2.28; confidence interval (CI): 18.13-19.76] and 
Discussion
Our study showed that alveolar bone dimensions (BP width and nasal floor to alveolar crest length) and arch perimeter is significantly less on the impacted side, when compared to non-impacted side. The main purpose of the present study was to compare and contrast the alveolar height, BP width, and arch perimeter on the impacted versus non-impacted site in the same patient. Furthermore, it is important to investigate the alveolar bone dimensions (BP width, alveolar height, and arch perimeter) to understand the mechanical environment at the impacted and non-impacted site. The present investigators chose CBCT as the preferred measurement technique for determining the alveolar bone dimensions as it provides a highly accurate method to evaluate bone architecture (11) . The orthodontic literature has reported a high degree of accuracy in measurement of alveolar bone dimensions using CBCT (10, 11) . The actual osseous response and mechanical environment can be detected by measuring the alveolar bone dimensions and arch perimeter both at the impacted and non-impacted site.
The alveolar process develops as a result of tooth root elongation and tooth eruption (8) . The form of the teeth, their axis of eruption and inclination, determines the shape and dimensions of the alveolar process. Specific genes in the dental follicle that surrounds the unerupted tooth are either upregulated or downregulated to bring about the synchronization of osteoclastogenesis and osteogenesis to bring about the eruption of the tooth (15, 16) . The biological mechanism behind tooth eruption are localized events and each tooth undergoes the similar mechanism but at different time points (17) .
Animal studies have shown reduction in bone formation at the base of the socket can lead to impaction of teeth, i.e. less alveolar bone is present at the base of the crypt of the impacted canine when compared with the amount of bone under erupted canine (8, 9, 18) . Our study had a similar findings, the NFAB distance was significantly less on the impacted side when compared to erupted canine side, i.e. there was reduced bone formation on the impacted side or a combination of reduced osteogenesis and osteoclastogenesis, which led to decreased NFAB distance. Moreover, in our study, we had similar findings (NFAB distance) both for males and females (statistically insignificant). Cahill temporarily impacted premolars in dogs and found that eruption was characterized by an increase in the trabecular bone at the base of each tooth (9, 18) . Similarly, Pilipili et al. also demonstrated the phenomenon of alveolar bone growth at the base of the crypt with microradiography and fluorescence microscopy (19) . Wise et al. showed that communication between the basal half (bone formation) and coronal half (bone resorption) occurs and is necessary for tooth eruption (16, 17) . NFAB measurement could help the orthodontic clinicians in the determining the amount of bone present, i.e. if less bone is present at the base of the tooth, molecular approach can be developed to get the impacted tooth to erupt, as palatal canine impactions are primarily the result of deficit gene expression (20, 21) .
Research studies have discussed bone modelling and remodelling associated with orthodontic tooth movement and its stability, but most have focused on the alveolar bone width in the anterior region involving mesial movement of canine in place of congenitally missing lateral incisor (22) (23) (24) (25) . To our knowledge, this is a first study, which measures and compares the BP bone width on the impacted site (edentulous space: site where the impacted canine was suppose to be present) and on the contralateral side, where the canine was properly positioned in the arch.
The results of our study showed that BP width 2 mm above the alveolar crest was significantly less on the side where the canine was impacted. It has been well documented that sitespecific resorption of alveolar ridge takes place in the absence (extraction and impaction) of a particular tooth. The amount of bone loss is more in the horizontal direction when compared vertical bone loss (reduced alveolar ridge height) (26, 27) . There were no statistically significant differences in outcomes by gender.
However, there was no significant difference in the BP width at 6 and 10 mm above the alveolar crest between impacted and non-impacted side. This was primarily due to presence of impacted canine at 6 and 10 mm above the alveolar crest ( Figure 3B ). Contrary to our results, Uribe et al. showed no difference in alveolar dimensions at 2 mm above the alveolar crest, when they compared the width of edentulous alveolar bone ridge with the contralateral side in the unilateral lateral incisor agenesis patient (22) . The plausible reason could be very small sample size in their study (11 patients) when compared to our study (39 patients) and moreover their patients bone width was measured at maxillary lateral incisor, whereas in our study, BP bone width was measured in the region of canine. However, the results of Katranji et al. favours our conclusion and they showed the significant decrease in the buccal (edentulous anterior buccal cortical plate thickness: 1.04 mm and dentate anterior buccal cortical plate thickness: 1.59 mm) and lingual cortical bone (edentulous anterior lingual cortical plate thickness: 1.36 mm and dentate anterior lingual cortical plate thickness: 1.95 mm) thickness between the edentulous and dentate human cadavers both in the anterior and posterior region of maxilla (28) . Similarly to Katranji et al., our study showed that BP width on the impacted side (18.12 ± 2.27) was significantly less than the contralateral side (19.48 ± 2.09) (28) . However, we did not find any differences in the BP width based on the gender outcomes ( Table 2 ).
Jacoby reported that 85% of the palatal canine impactions are in patients with adequate arch perimeter (29) . Similarly, Stellzig et al. reported sufficient arch perimeter in 82% of the palatally impacted canines (30) . However, in our study, the arch perimeter on the impacted side was significantly lesser than the non-impacted side. One of the probable reasons could be early loss of primary canine on the impacted side and mesial migration of the posterior teeth, thus decreasing the arch perimeter. Since all the patients included in this study had permanent maxillary lateral incisors present both on impacted and non-impacted side, the arch length decrease on the impacted side could also be due to smaller mesio-distal dimensions of maxillary lateral incisor on the impacted side. Peck et al. reported that 16% of palatally impacted patients have congenitally missing lateral incisor or peg shaped lateral incisor and decreased arch perimeter (31) .
Our study was a retrospective evaluation of bone dimensions in unilateral palatally impacted canine and comparing it with the contralateral erupted canine. The drawbacks to our study was a relatively smaller sample size and it was probably due to our strict inclusion and exclusion criteria and the discussion of our study is primarily based on the research done on animals due to lack of retrospective and prospective clinical trials. However, two different examiners measured all the parameters and it had a high inter-rater reliability. Moreover, due to retrospective nature of the study, the issue of omitted variable bias should be kept in perspective while interpreting the present study results and conclusions.
Conclusions
The CBCT measurements support the findings that:
1. Nasal floor to alveolar bone distance was significantly reduced on the impacted side when compared to non-impacted side. 2. Buccopalatal width at 2 mm was significantly reduced on the impacted side, but there was no significant difference at 6 and 10 mm between impacted and non-impacted side. 3. The arch perimeter was also significantly reduced on the impacted side. 4. There was no statistically significant difference in the distribution of the outcomes (nasal floor to alveolar bone distance, buccopalatal width, and arch perimeter) by gender. Two measurements (arch width of non-impacted side and height of nonimpacted side) were not distributed normally. Considering that these two variables were not distributed normally, Wilcoxon Signed Rank tests were used to compare the arch width and alveolar bone height between the impacted and non-impacted sides. For arch length, the paired-sample t-test was used. 
